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The conclusions we have reached are as follows: 

1 ( In epicarin we have an important addition to the means of com¬ 
bating ringworm of the scalp. Used, preferably, in the form of a 
tincture of 10 to 20 per cent, strength and after epilation it appears to 
act more rapidly than any of the remedies heretofore employed, in 
restoring the hairs to a normal condition. 

2. In ringworm of the body the tincture eeems to be irritating and 
slow in action. The ointment acts better, but is not equal to the 
ammoniated mercury ointment, nor to most of the remedies ordinarily 
employed. 

3. In (a single case of) favus the result of the use of epicarin was 
such as to encourage trial. 

4. In scabies, so far as our experience goes, epicarin in the form of 
the tincture and simple ointment is apt to prove very irritating, and is 
by no means equal to the sulphur and naphthol nor to the other oint¬ 
ments ordinarily employed. 


THE BLOOD-PRESSURE REACTION OF ACUTE CEREBRAL 
COMPRESSION, ILLUSTRATED BY CASES OF 
INTRACRANIAL HEMORRHAGE. 

A SEQUEL TO THE MUTTEE LECTUEE FOE 1901. 

By Habvey Cushing, M.D., 

ASSOCIATE B SO HO EE Y, THE JOHNS HOPKINS HOSPITAL 

Some experimental observations on the r&le played by the vasomotor 
centre in raising the arterial tension so as to counterbalance the effects 
of any considerable increase in intracranial tendon were presented as 
part of the Mutter lecture 1 in December, 1901. Since then oppor¬ 
tunities have arisen which have made it possible to demonstrate in 
clinical case3 reactions corresponding to those which at that time had 
only been experimentally produced in animals. To review some of 
these cases is the purpose of this communication. 

It is a well-recognized clinical fact that the rapid’ encroachment on 
the intracranial space by a foreign body, of which extravasated blood 
may be taken as one of the commonest types, is associated with a high 
tension pulse. Similarly the laboratory experience of many investi¬ 
gators has shown that a transient great rise in blood pressure is an 
almost uniform accompaniment of artificially induced compression. I 

1 The Mutter Lecture for 1901. The American Journal of the Medical Sciences, Sep¬ 
tember, 1902, voL exxiv. p. 275. 

a In a slowly forming intracranial process, as tumor growth, hydrocephalus, etc., the re¬ 
actions are inconspicuous, the cerebrum accommodating itself to the gradual increase of 
tension. 
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am unaware, however, that any especial interpretation has heretofore 
been given to this response other than that it represented some aimless 
or uncontrolled action, from irritation of the vasomotor centre during 
a certain stage of increase of tension within the cerebral chamber. 

The experiments above referred to, which for the most part were 
carried out upon dogs, tended to show, if the interpretation were a 
correct one, that this rise in blood pressure represents a purposeful and 
not a meaningless reaction. 1 The belief was expressed in a regulatory 
mechanism which controls the rise, and which, under experimental 
circumstances at all events, is seemingly so adjusted that the vasomotor 
centre tends to hold the intravascular pressure (arterial tension) at a 
level slightly in excess of the external (extravascular) pressure exerted 
by the compressing force against the arterioles and capillary vessels 
situated in the medulla. In this way a fatal bulbar anaemia, which 
otherwise would be the result of an equalization of intracranial and a 
stationary arterial tension, is warded off. Thus, the high-pressure 
pulse, which characterizes conditions of intracranial hemorrhage, for 
example, is easily accounted for, and its measured level of tension may 
be taken as an indication of the degree of circulatory embarr assm ent 
from which the medulla is suffering in consequence of the compressing 
force. It was pointed out that under these circumstances the continu¬ 
ance of respiration hinged upon the efficiency of the vasomotor mech¬ 
anism in holding the blood pressure at a certain level. Should the 
vasomotor centre fail to keep the arterial tension in excess of the 
experimentally increased intracranial tension, the respiration would 
immediately cease, owing to the anaamia of the centre governing it. 
Consequently, as will be emphasized in the discussion of some of the 
following cases, the sequence of events in case of immoderate intra¬ 
cranial tension is, primarily, exhaustion of the vasomotor mechanism 
with fall in blood pressure, and, secondarily, failure of respiration in 
consequence of the ensuing bulbar anaemia. 2 

1 In a note appended to an article by the writer in the ilittheflungen a. d. Grenzgebieten d. 
Med. u. Chir., 1902, Bd. ix. p. 773, in which this experimental work was reported at some 
leuglh, one of the editors (Kaonyn) states that this rise in blood pressure during compression 
had been noted and described by himself and Schreiber In their well-known monograph, 
“ Ueber Gehirndruck," published twenty years ago. (Arch. f. experim. Pathol, n. Pharmakol. 
1881, Bd. xiv. p. 1.) I regret having made no reference to the contents of this classical paper. 
As a matter of feet, however, this reaction has been noted by almost all experimenters who 
have worked along these lines, and the rise in blood pressure on which most stress is laid by 
these particular writers is that which occurs early in compression, the “ primare Erhebung,” 
which is a result of sensory irritation, and not the subsequent and long-enduring rise from 
anmmia which we are discussing. The failure to record the degree of intracranial tension on 
the kymograph alongside of the blood pressure probably explains why previous observers have 
failed to recognise what seems to be the true significance of the rise in blood pressure. Prof. 
Naunyn expresses some doubt as to the correctness of the interpretation which was offered, 
namely, that of a “ Regnlationsmecbanlsmas.” Future observations will settle the point. 

2 This relationship of the respiratory action to blood-pressure levels and to the degree of 
intracranial tension was especially well shown in cases in which vasomotor (Tiaube-Hering) 
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In the majority of circumstances the vagus centre is likewise stimu¬ 
lated under the effects of compression with the resultant familiar slowing 
of pulse rate, which, however, does not seem to bear so definite a rela¬ 
tion to the degree of increased tension. Aside from the fact of its 
frequent concomitance the brachycardia does not apparently play any 
particular part in the reaction under discussion, nor can it be always 
said that the more advanced the compression the slower will be the 
pulse rate: 

The significance of this vasomotor regulation, should it have been 
possible to establish it as true for man as well as animals, was fully 
realized, but, unfortunately, at the time the Hotter lecture was pre¬ 
pared, no opportunity had been offered on clinical cases to satisfactorily 
corroborate the laboratory findings, much less to put the facts to any 
practical application. 

The introduction for clinical purposes of a amplified form of the 
original Riva Rocci blood-pressure apparatus has enabled us to take 
observations on arterial tension, and to plot them on charts which 
simulate in a useful way the invaluable records which in the laboratory 
may be obtained by taking blood-pressure records directly from an 
isolated vessel. By employing this apparatus it has been possible to 
chart graphically the blood-pressure reaction in several cases of intra¬ 
cranial injury, and thus to bring clinical cases in line with the experi¬ 
mentally induced conditions. The results have proven of such interest 
and the method of observation of such practical value that it is hoped 
the few cases, which will subsequently be given at some length, may 
suffice to further illustrate the points which the experimental work 
has brought out 

Prof. Kocher, 1 in his recent monograph, has for the sake of con¬ 
venience divided into several stages the period between the first onset 
of compression symptoms and the terminal paralysis which may end 
the story. These stages, corresponding as they do to a given degree of 
circulatory disturbance consequent on the increase of tension, have 
individually a more or less characteristic and distinguishable symptom- 
complex. The process, of course, may come to a standstill in any one 
of the various stages. Kucher's classification is a most useful one, and 
inasmuch as the cases, which have been selected, conform with and 
exemplify the divisions which he has drawn, the latter will be briefly 
outlined. 

wares were called oat. Under these circumstances active respiratory action corresponded to 
the crests of the waves—that Is, to periods of blood pressure exceeding in degree the intracranial 
tension; whereas the hoUows of the waves during which the blood pressure fell below the intra¬ 
cranial tension, with resultant temporary amentia; invariably corresponded with periods ol 
respiratory cessation. 

1 HlrnerrehatterOng, Hlrndruci n. e. w. Nothnegel's Spedelle Pathologie und Therapie, 
1901, Bd. Ix., Thiel 3, Abt. 2, p. 1S6. 
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Stage I. (“ Compen&ationsstadium”) The first stage, that of circula¬ 
tory compensation, corresponds to an early period or mild degree of 
compression, during which the encroachment on the intracranial space, 
by some foreign substance which displaces the normal contents of the 
cerebral chamber, is not sufficient to seriously compromise the circu¬ 
lation. By the escape of cerebrospinal fluid and by a certain amount 
of narrowing of the venous channels, the process is accommodated with 
the avoidance of any pronounced degree of venous congestion of the 
brain. Under these circumstances symptoms, although not absolutely 
latent, are in the main insignificant. 

Stage II. (**Anfangsstadium des manifesten ECimdruckes'") If the 
process continues to the point of failure of this circulatory compensa¬ 
tion a condition of venous stasis is brought about, with a lessening of 
the normal amount of blood flowing through the capillaries (Dysdiamor- 
rhysis). At this time symptoms of disturbed cerebral function are 
inaugurated evidencing an early stage of actual compression—headache, 
vertigo, restlessness, roaring in the ears, a disturbed sensorium with 
excitement or delirium, an unuatural sleep, etc. Other symptoms also 
become outspoken. Among these, of highest importance is the recog¬ 
nition by means of the ophthalmoscope of some distention and tor¬ 
tuosity of the veins radiating from the optic papilla; indeed, a certain 
degree of venous stasis may have been appreciable in the eve-grounds 
during the previous stage of compensation. Indications that the venous 
congestion is influencing bulbar circulation may be apparent as a slow¬ 
ing of the pulse with or without a certain rise in blood pressure. 

Stage III. The third stage, that of advanced compression phe¬ 
nomena (“ Sohestadium des manifesten Himdrucfces corresponds to a 
condition of capillary aoieraia due to a further increase in intracranial 
tension. This onremia in case of “ local compression ” may have 
exerted its effects primarily over a circumscribed area of the cerebrum, 
throwing out of function that part of the brain in its vicinity with 
corresponding paralytic symptoms. Should, however, the pressure 
from such a local process be sufficiently far-reaching to involve the 
medulla, or should the medulla from the start have been involved in 
the threatened anzemia in correspondence with the rest of the intra¬ 
cranial contents (that is, in case of “ generalized compression ”), then 
the period of vasomotor regulation follows with its characteristic rise in 
blood pressure. This reaction may last an indefinite period, until relief 
is afforded or until an increase in compression is more than can be 
compensated for, and the terminal stage of compression steps in to sup¬ 
plant it. Associated with the rise in blood pressure may be seen 
marked respiratory disturbances, which are especially distinctive when 
the former is accompanied by rhythmic alterations in level. The 
periodicity of symptoms so often observed during this stage, and refer- 
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able not only to respiration, but shown also by rhythmic alterations in 
size of the pupils, by wavering increase and diminution in depth of 
stupor, and by many other signs indicative of alterations between irrita¬ 
tive and paralytic symptoms, is due to this vasomotor rhythm associated 
as it is momentarily with sufficient cerebral circulation (Eudiamorrhyeis) 
alternating with a period of inadequate or totally deficient blood supply 
(Adiamorrhysis). 

Vagus symptoms are, as a rule, pronounced during this stage, the 
pulse being slowed to 50, 40, or even fewer beats per minute, but 
without, or, at all events, with much less apparent evidences of rhythm. 

Stage IV. The terminal stage ( “Lahmungsstadium”'), which follows 
upon an increase of intracranial tension over and above that which can 
be compensated for by stimulation of the vasomotor centre, is charac¬ 
terized by a falling blood pressure, irregular cardiac and respiratory 
efforts, deep coma, which supplants the varying degrees of stupor, com¬ 
plete muscular relaxation, wide pupils, broken, snoring respiration, etc., 
soon to terminate in cessation of all cerebral function, with respiratory 
paralysis and with the rapid pulse of low pressure, indicating failure of 
the vasomotor mechanism. An irrecoverable condition of cerebral 
anaemia (Adiamorrhysis) has been reached. 

In this brief characterization of the stages of compression only the 
main features of the symptom-complex have been cursorily reviewed. 
In case any one of these stages of circulatory disturbances has been 
brought about by a compressing force primarily local in origin, the 
symptoms naturally would vary greatly, from case to case, as the 
important underlying symptoms referable to the medulla are sur¬ 
mounted by others, called out by paralysis or irritation of those parts 
of the cortex primarily subjected to the local process. It would not 
only carry us too far to discuss this superstructure of symptoms here, 
but be inappropriate, since the cases to follow have been selected to 
illustrate solely the vasomotor reaction, and it is desirable to avoid as 
far as possible any complexity in the clinical picture. 

These cases are reported from the neurological department of Dr. 
Halsted’s clinic. They may be briefly summarized as follows: 

Case I.—Traumatic in origin. One of local compression of consid¬ 
erable degree, not sufficient, however, to compromise the intracranial 
circulation, and being over a “ silent area ” of the cortex, giving prac¬ 
tically no evidence of its presence. It illustrates the “ Compensa- 
tionsstadium ” (Stage L) of compression with only latent symptoms 
and no rise in blood pressure. 

Case IL—Traumatic in origin. One presumably of general increase 
in intracranial tension from intermeningeal hemorrhage. It illustrates 
the beginning period of bulbar involvement (Stage II.), and shows 
how blood-pressure observations may be utilized as an indication for 
or agaiust the necessity of operation. The rise in blood pressure 
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compensated for the compressing force at a relatively low and safe 
level. 

Case III.—Traumatic in origin. Extensive intracranial hemorrhage 
progressively increasing until symptoms of the “ Hohestadium des 
manifesten Hirnaruckes ” (Stage III.) were produced. The indications 
for operative interference were shown by a steady rise in blood pressure 
in correspondence with the general increase of compression until a 
point was reached at which failure of compensation was feared. 
Symptoms of local compression superimposed on the main underlying 
ones. 

Case IV.—Apoplectic; also illustrating Stage III. Hemorrhage 
into the internal capsule. Characteristic symptoms of the supreme 
reaction of compression with great elevation of blood pressure, indicat¬ 
ing the borderland of the paralytic stage. Immediate relief to under¬ 
lying major symptoms of compression by craniotomy and partial 
evacuation of clot. 

Case V.—Traumatic in origin. Illustrating Stage IV., the 
** Lahmuogsstadium.” A case of fatal compression from intracranial 
hemorrhage with primary vasomotor and secondary respiratory failure. 
Operation performed during artificial respiration. 

Case I. (Surgical No. 13,658.) Compound fracture of os frontalis, with 
extensive extradural hemorrhage and with no major symptoms of com¬ 
pression ; operation.—' The patient was admitted through the accident 
room on the night of July 31,1902, with the history of having been 
struck on the forehead by a six-pound iron hammer three hours pre¬ 
viously. He was not knocked down by the blow. There had been no 
period of unconsciousness, nor had he shown any symptoms whatever 
of concussion. After his entrance he complained of nausea, and 
vomited twice. This was attributed to the alcohol he had taken, for 
he was somewhat inebriated. He complained only of severe “ head¬ 
ache.” 

There was a small lacerated wound near the midline of the fore¬ 
head, through which a crack in the frontal bone was detected. Beyond 
this a careful examination was absolutely negative. The eye-grounds 
were not examined. He was perfectly rational, and had complete 
recollection of all incidents relating to his injury. 

On the following morning his condition was unchanged. He had 
slept well during the night. His mind was clear, and memory of the 
events of the preceding night accurate. Examination again failed to 
reverl any objective symptoms referable to intracranial disturbance. 
His pulse, respiration, temperature, and blood pressure were normal. 
The pain in the head was les3 severe. 

Operation, August 1st. Dr. Watts. Ether anaesthesia. After excis¬ 
ing the external lacerated wound, exploration of the underlying skull 
showed a small comminuted and depressed fracture involving both 
tables. On elevating and removing the fragments a large, underlying, 
extradural blood clot was brought to view. This hemorrhage was 
fully exposed by the further removal of bone, and was found to corre¬ 
spond to an area about 7x9 cm. in diameter underlying the frontal bone 
and extending symmetrically on the two sides. It was estimated that 
about 100 c.c. of extravasated blood was present. The clots were 
removed with a spoon, the wound washed clean, and a small drain 
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inserted. The patient’s recovery, except for a slight slowing of the 
pulse for a few days, was uneventful. There was an immediate post¬ 
operative relief from the pre-existing headache. 

Discussion. The possibility of a considerable narrowing of the 
intraerauial space by an acute process without the production of stereo¬ 
typed compression symptoms is well exemplified by this case. It is 
evident that the major or underlying symptoms of compression need not 
be provoked by an extradural hemorrhage of considerable size if it be 
in a favorable situation, and, furthermore, that the local pressure 
effects of the process need not be productive of minor and localizable 
paralytic or irritative symptoms if they are exerted over so-called 
silent areas of the cortex. The clot made room for itself by pressing 
the cerebrospinal fluid out of the cranial cavity and presumably by 
narrowing the venous radicles in its vicinity without otherwise com¬ 
promising the intracranial circulation. 

An extradural hemorrhage in this situation must needs have been 
very extensive and under great tension to have transmitted its effects 
without any associated concussion, to so remote a situation as the bulb, 
thus causing a slowed pulse and rise of blood pressure. Being over 
the frontal lobes, moreover, it failed to give appreciable symptoms 
indicating local disturbance of cortical areas, such as would have been 
present had the clot formed, for instance, over the motor territory. 
No psychic symptoms were detected. The circulatory disturbances of 
the brain due to the pressure of the foreign body and doubtless occa¬ 
sioning a certain amount of ansemia in its immediate vicinity over the 
frontal lobe were not sufficiently far-reaching to involve any important 
centres. Possibly had an examination of the fundus been made some 
degree of stasis might have been made out in the eye-grounds. The 
pain and headache complained of were practically the sole symptoms, 
and were undoubtedly of dural origin. In the lower animals espe¬ 
cially is the dura found to be a most sensitive structure. Even under 
amesthesia an attempt to strip away the membrane from the skull dur¬ 
ing experimental procedures on dogs will cause pronounced irritative 
symptoms. Clinically an extradural hemorrhage plays the same role, 
and may be productive of the most severe dural pain and headache. 
It is interesting to note in this connection that should individuals have 
headache after extirpation of the ganglion semilunare the pain, in my 
experience, at least, is invariably unilateral, and referred to the 
unoperative side, where the dura retains its sensation. In this case, 
as is usual, the headache was immediately relieved by the removal of 
the clot. 

Among our recent series of cases of cranial injury, in no other in¬ 
stance has a moderate degree of compression been present, uncompli¬ 
cated by symptoms of concussion. Hence, this case has been chosen 



1024 CUSHING: BLOOD-PRESSURE REACTION. 


to illustrate the compensation stage. Several cases of fracture of the 
base with intermeningeal hemorrhage and slight increase of intracranial 
tension, as told by lumbar puncture, have been seen and found likewise 
to be unassociated with bulbar symptoms. The element of concussion, 
however, has always been present in these cases, and has more or less 
obscured the symptoms which the compression alone might have caused. 
This combination of pressure factors will be considered in the following 
case: 

Case II. Simple fracture of the base; concussion and mild degree of 
compression from, intermeningeal hemorrhage; lumbar puncture; no 
operation. —The patient was admitted through the accident ward, 
April 12, 1902, with the history of having been struck under the jaw 
two hours previously by a swinging, heavy, steel rail. The blow felled 
him to the ground, with momentary loss of consciousness. 

The note, made on admission, reads as follows: 

“ A. powerful working man, with a large head, a strongly developed 
lower jaw and facial bones. He lies in a stuporous sleep most of the 
time, with occasional interruptions of active restlessness. He can be 
aroused somewhat by the infliction of pain (supraorbital pressure), but 
will not respond to questions, and relapses immediately into his pre¬ 
vious somnolent condition. 

_ 44 His pulse is 09, regular, aud of fairly high tension to palpa¬ 
tion. The arterial pressure at the brachial measures 160 mm. of 
Hg. The respiration is deep, regular, and 24 to the minute. The 
temperature is_ subnormal, registering 97° per rectum. On the left 
side of the chin below the mental prominence is a small, contused, 
bleeding wound. ^ No fracture of the powerful inferior maxilla can be 
made out. The jaw can be moved in all directions, apparently without 
pain. Pressure on the chin, however, causes the patient to wince, 
apparently from transmission to the skull. The right margin of the 
tongue has been almost bitten through. There is considerable bleeding 
from the right ear. Pressure over the supramastoid ridge on the right 
side gives evidence of great tenderness. There is no bleeding from 
the left ear or apparent tenderness anywhere on that side of the head. 

“ The pupils are equal, contracted to a diameter of 2 mm., and react 
to light. There is a marked divergent strabismus. The veins of the 
fundus, examined after dilatation of the pupil with cocaine, seem con¬ 
siderably dilated. The supraorbital reflex is very active on both sides. 

“ The deep reflexes at the knee and ankle are considerably exag¬ 
gerated and equally so on both sides. There is a prompt dorsal flexion 
of the great toe on each side -in response to plantar stimulus. During 
the examination the patient has retched violently, but without vomiting. 

“ In the half-hour since admission the pulse rate has gradually 
dropped from 69 to 03 beats per minute, and the blood pressure has 
correspondingly and gradually risen from 160 to 185 mm. of Hg.” 

A lumbar puncture was subsequently performed, and 24 c.c. of 
bloody fluid under 23 cm. (water) tension was withdrawn, being a con¬ 
clusive evidence of basal fracture with some intermeningeal hemorrhage 
and increase in intracranial tension. 

As the accompanying chart (Fig. 1) shows, frequent observations on 
the pulse rate aud arterial tension were taken during the day, and 
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inasmuch as there was no further increase in the latter beyond the 185 
above recorded and considered a safe level, it was concluded that 
there was no indication for operative interference. 

Symptoms, attributable largely to the effects of concussion, were 
present in this case—headache, nausea, dizziness on assuming an erect 
posture, etc.—all of which gradually subsided during the ten days fol¬ 
lowing the accident, and pari passu with the return of the blood pressure 
and the pulse rate to their normal level (see Fig. 1). Doubtless the 
two conditions—concussion together with an increase of tension due to 
the intermeningeal hemorrhage—were combined, the latter showing 
itself as an early rise in blood pressure, the former as a late rise in 



Chart of blood pressore (broken line) and pulse rate (solid line) in Case n. Note the Incre¬ 
ment in arterial tension and diminution of poise rate on tbe day after admission, with gradual 
return to the normal during the ten succeeding days. 


association with a certain degree of slowly-forming cerebral cedema, 
possibly of the type which Cannon 1 has ascribed to osmotic pressure, 
“ which in brain tissue may attain a degree so much greater than 
blood pressure that the blood would readily be prevented from entering 
the cranium.” 

Discussion. In this case the blow had been transmitted directly to 
the base of the cranium through the arch of the lower maxilla just as 
in the so-called “ prize-fighter’s fracture ” of the skull—a form of 
injury not infrequently followed by a fatal outcome. The fracture 


1 Cerebral Pressure following Trauma, American Journal of Physiology, 1901, vol. Ti. p. 91. 



















1026 CUSHING: BLOOD—PEE 88 UBE EEACTION. 

passed through the middle fossa and the temporal bone, and some 
degree of subdural hemorrhage ensued. A hemorrhage of this sort 
into the subdural space produces a condition which resembles as closely 
as do any other clinical ones the experimentally induced conditions of 
general compression—that is, conditions in which there is an equal 
distribution of increased tension throughout the entire cerebral chamber. 
The case is a representative one of a degree of cranial injury so fre¬ 
quently met in a traumatic service that it must be familiar to all. 
Under the circumstances no operation was performed, since it could 
have done nothing more than relieve intracranial tension, and there was 
no indication that this was necessary, since the process was arrested at 
a stage (“the beginning stage of manifest compression”) in which 
there could have been no apprehension lest the vasomotor centre be¬ 
come fatigued in its regulation of blood pressure. Had the process 
advanced and given evidence of still greater tension, as shown by a 
further increase in the blood-pressure level, operative intervention 
might have become urgently demanded. 

The effects of “ compression ” and those of “ concussion ” in a trau¬ 
matic case are ordinarily distinguishable, in so far as the blood-pressure 
reaction is concerned, for in the latter case the rise, if one there be, 
will be tardy in its onset, in the former rapid. The occasion of the 
rise, however, is the same in both conditions, namely, an increase in 
the intracranial pressure, and it matters not whether this results from 
so-called “ cerebral pressure” due to brain cedema, or to “ cerebral 
compression ” due to forces acting against the brain from without. 
^/The beneficial effects of operations even in these border-line cases is 
often seen. On one occasion within the last year two young men, who 
had been thrown in a motor-paced bicycle race, were brought into the 
hospital at the same time. The injuries which they had sustained 
were practically corresponding ones, namely, a cranial fracture (com¬ 
pounded in one case) with some intermeningeal hemorrhage, as evi¬ 
denced by lumbar puncture. Both patients were suffering from a pro¬ 
nounced degree of concussion. The low blood pressure registered in 
each case at the time of admission showed that there was no increase 
in intracranial tension. The compound case was operated upon by 
Dr. Follis, who elevated the fragments, and during the operation 
exposed the brain by an opening in the dura. The cerebral cortex was 
so ecchymotic as to present a cherry-red color, but gave no evidence 
whatever of an increase of tension. A piece of bone was permanently 
removed and the wound closed. This patient made a rapid recovery, 
showing none of the usual delayed post-traumatic signs of concussion, 
and after the first twenty-four hours was without subjective symptoms. 
The other, the unoperated case, remained in a more or less stuporous 
condition for several days, with headache, nausea, a rise in blood 
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pressure, and slowing of pulse, which gradually shaded off to the 
normal after a period of many days—a reaction which is frequently 
seen after cases of concussion (see Figs. 1 and 3). 

Although far from advising operation in every border-line case of 
basal fracture with concussion, especially when blood-pressure observa¬ 
tions show no great increase in intracranial tension, it nevertheless is 
evident from our records that, given two patients with supposedly 
similar lesions, the operated case with an opening left in the skull 
makes a more rapid recovery than the non-operated one, and, further¬ 
more, seems to be less likely to suffer from the post-traumatic sequelae 
of epilepsy and late mental derangements. 

In the discussion of Case I. it has been noted that a local process 
even of considerable extent may call forth no symptoms characteristic 
of compression. If, however, such a process becomes more advanced 
so that its effects in upsetting the circulation are transmitted as far as 
the medulla, compression symptoms will be evoked. Unfortunately, 
for purposes of illustration, there is no case in my series in which a 
purely local process, as from an extradural hemorrhage, has inaugu¬ 
rated but not advanced beyond (as in Case IH.)the early symptoms of 
medullary involvement. An analogous condition, however, is fre¬ 
quently seen during certain operative procedures which necessitate the 
elevation and compression of a lobe of the brain during extradural 
manipulations. Thus, the slowing of pulse and rise in blood pressure, 
which often accompanies the elevation of the temporal lobe in the 
Gasserian ganglion operation, has been emphasized heretofore and 
illustrative charts given. 1 The operative procedure on such an occa¬ 
sion becomes the equivalent of an experimentally induced compression 
carried to the “ Anfangsstadium des manifesten Himdruckes. ” 

Case III. (Surgical No. 13,260.) Simple linear fracture of the skull, 
vault and base, without concussion; extradural hemorrhage from rupture 
of A. meningea media; also , intermeningeal hemorrhage; severe com¬ 
pression symptoms; operation; recovery. —The patient, a young man 
aged twenty-four years, a ship’s carpenter by trade, was brought to 
the accident ward on April 17, 1902. _ . 

One hour before his admission, while directing the lodgement of a 
heavy piece of timber under the hull of a vessel, in some accidental 
fashion the beam slipped, and the patient’s head was caught between 
it and the side of the boat, crushing the skull in “nut-cracker” 
fashion. He fell to the ground, bleeding from his nose and both ears. 
He did not immediately lose consciousness, as in cases of cerebral 
injury with concussion, but gathered himself together, stood up, and 
for some moments was able to ask and answer questions about the 
injury. During the course of the next half-hour he became gradually 
stuporous, and was brought to the hospital in an unconscious condition. 

1 Blood-pressure Changes in Surgical Cases, etc. Annals of Surgery, September, 1902. 
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The following note was dictated soon after his admission, 4.40 p.m. : 
“ The patient is a well-developed young man. He is unconscious, and 
cannot be aroused by questions. He is restless and seemingly annoyed, 
reflexly, by slight peripheral stimuli, such as are occasioned by the 
taking of pulse and blood pressure, by the blood in his ears and nose, at 
which he i$ constantly picking. His pulse is 56 to the minute and of 
high tension. The respiration is 30 to the minute and regular. The 
blood pressure is high, measuring 230 mm. of Hg. 

“ General Appearance. The skin over the head, face, and neck is 
markedly cyanosed. Several veins over the forehead are prominent 
and of a deep-blue color. The eyelids seem swollen, as from conges¬ 
tion, and the network of venules over them is very evident. There is 
an apparent slight exophthalmos. The pupils are quite unequal, the 
right being almost pin-point in size, the left measuring 4 mm. in 
diameter. The axes of the globes are rarely quite parallel; at times, 
however, there is an equal conjugate deviation to the left. 

“ The only visible wound consists of a lesion of the right external ear, 
the pinna having been torn or rather crushed into two separate por¬ 
tions. There is marked tenderness on pressure over the temporal bone 
in.the neighborhood of the ear, and there are beginning eccliymoses in 
this situation. Over the left parietal eminence the scalp is bruised 
and slightly swollen. There is considerable bleeding from the auditory 
meatus on both sides. Slight twitching of the muscles on the right 
side of the face is occasionally seen. 

“ The deep reflexes are possibly somewhat exaggerated with a sugges¬ 
tion of ankle clonus. No plantar response obtained. The temperature 
is 98.4°. The patient is not in a condition of shock.” 

An examination of the eye-grounds showed what was taken to be a 
marked dilatation of the veins. 

During the hour subsequent to the making of this examination the 
patient’s condition slowly but perceptibly changed for the worse. His 
stupor deepened, and he was much less easily aroused. The blood 
pressure rose steadily from 230 to 250 mm. of Hg., and the pulse 
meanwhile dropped, occasionally registering less than 50 beats per 
minute (compare chart, Fig. 2). The character of the respiration also 
changed for the worse. Distinct periodicities of a Cheyne-Stokes type 
became apparent, with no stage of complete apncea, but with a period 
of quite shallow respiration, lasting about sixty seconds and alter¬ 
nating with a deep snoring stage of shorter duration. Associated 
with this rhythmic alteration in respiration, changes in other activities 
were distinguishable, such as a rise in blood pressure of several milli¬ 
metres, and great restlessness, both corresponding with the snoring 
period of respiration, and at the same time the eyes were apt to swing 
over to the left. A condition of ptosis of the left eye also developed. 
It was considered inadvisable to delay a craniotomy longer. Up to 
this time there had been nothing to evidence any particular localiza¬ 
tion of trouble. However, during the handling necessary for the 
preparation of the scalp the tender area over the right temporal bone 
was pressed upon, so that the patient winced, and in doing so moved 
the left side of the face much more than the right Until this obser¬ 
vation was made it had seemed a matter of indifference upon which 
side the craniotomy should be performed, inasmuch as the symptoms 
were believed to be due solely to a general increase in intracranial ten- 
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si on, as in Case II., rather than to any localized collection of blood. 
The evident facial paresis might have been resultant to one of two 
causes: either an implication of the peripheral neurons of the right 
nerve in the fracture of the temporal bone, or to a left-sided ansemia 
of the cortex brought about by the local compression of an extradural 
clot in that situation. This uncertainty, however, was sufficient to 
favor the turning down of a flap from the left side of the brain. 



That the surmise as to the probable location of the lesion causing 
this paralysis was a correct one, was 3hown by the fact that in the 
patient’s struggles during the primary stage of anesthesia there was 
evidence as well of considerable weakness in the right arm. 

Operation, ether anaesthesia (one and a half hours after admission ; 
two and one-half hours after reception of injury). As the blood- 
pressure chart shows, the application of the rubber tourniquet about the 
head and the administration of ether caused a great rise in arterial 
tension, namely, to 305 mm., almost an extreme level. It fell, how¬ 
ever, nearly to its previous level before beginning the operation. 
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It is unnecessary here to go into full surgical details of the crani¬ 
otomy. A large Wagner flap was turned down, its centre correspond¬ 
ing practically with the lower or facial portion of the cortical motor 
area. On elevating this flap a fissure was disclosed in the temporal 
bone crossing its entire extent, and passing down toward the base. 
Between the dura and the skull the upper edge of what was evidently 
a large hlood clot was brought to view in the lower portion of the 
cerebral window. A further enlargement of the opening in a down¬ 
ward direction was necessary to satisfactorily expose it. This was 
rapidly done with Rongeur forceps, and a large clot, which had almost 
completely displaced the temporal lobe, was thus exposed. The clot 
was rapidly scooped out and the space it had occupied momentarily 
packed with gauze, as considerable fresh bleeding followed its removal. 

fig. 3. 



Chart of Case III. for the eighteen days after operation, showing post-operative evidence ol 
secondary iucrcase of intracranial tension, with gradual subsidence. Blood pressure, broken 
line; pulse rate, solid line. 

The fissure through the bone could then be seen to run down across 
the base of the skull through the foramen spinosum, from which 
situation the bleeding was coming, probably from a ruptured middle 
meningeal artery. 

The dura on first opening the skull was found to he very tense. It 
was opened, and an ounce of bloody cerebrospinal fluid under great 
tension was evacuated. It can be seen by consulting the blood- 
pressure chart (Fig. 2) that immediate relief was afforded to the 
extreme compression symptoms by the craniotomy and by the evacua¬ 
tion of the clot and superabundant subarachnoid fluid. The blood 
pressure returned to a safe level (150), and an accelerated pulse rate 
of from 130 to 140 momentarily took the place of the previous vagus 
pulse. Such an acceleration of the heart-beat is frequently seen in 
experimental conditions when there is a sudden release of the brain from 
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an increased tension which has previously produced vagus symptoms. 
The pulse soon slowed, however, and remained at 100. 

The second chart (Fig. 3) shows the reaction during the period of 
convalescence and the gradual return to the normal of the increased 
blood pressure and Blowed pulse, which on the day after the operation 
had once more shown a tendency to approach dangerous levels. 

Discussion. I will not go into the details of the subsequent history 
of this case other than to say that the patient ultimately made a com- 
plete recovery. His condition cleared up very rapidly after the opera¬ 
tion, although for some time he remained markedly aphasic. What is 
of interest for our present study, however, is the secondary rise in blood 
pressure and slowing of pulse shown in the chart (Fig. 3), which repre¬ 
sents the average of the observations on pulse and blood pressure taken 
during the following two weeks. I can only explain this evidence of 
a secondary increase in intracranial tension, with its very gradual sub¬ 
sidence, by supposing, as in Case II. (Fig. 1), a condition of post- 
traumatic cerebral oedema of the Cannon-Bnllard type. This rela¬ 
tively late reaction has been frequently seen in our traumatic brain 
cases. 

The case is an unusual one from the rapid onset of the extreme 
symptoms of compression (Hohestadinm des manifesten Hirndruckes). 
Here, again, was existent a combined process accounting for the in¬ 
crease in intracranial tension; on the one hand, an intermeningeal 
hemorrhage producing a certain general increase in intracranial tension 
much as in Case II., surmounted, on the other hand, by the local 
process consequent upon the extradural hemorrhage. This local 
process formed much more rapidly than is usual iu case of extradural 
hemorrhage, probably owing to the fact that the meningeal artery was 
ruptured sufficiently low down to allow of a very rapid extravasation of 
blood. This hemorrhage in its upward progression, stripping away the 
dura from the skull, had finally reached and compressed the lower 
part of the motor cortex corresponding to facial movements at the 
time when the operation was commenced. Possibly either one of these 
two processes alone might not have sufficed to endanger the centres in 
the medulla. The two combined, however, produced a degree of com¬ 
pression which was rapidly approaching the Lahmungsstadium ” of 
the Germans. It is fortunate that relief could have been afforded so 
soon after the accident and before this stage set in. Operative inter¬ 
vention, when this third stage of compression is reached, is not always 
so gratifying in its results. 

Examination of the Eye-grounds in States of Compression. 
It must be kept in mind that the underlying conditions which produce 
symptoms characterizing the various stages of compression are nothing 
more than degrees of interference with the normal intracranial circu- 

YOL. 125, NO. 6.—JUNE, 1903. 67 
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Iation, and that an increasing venous Etasis is the first result of these 
circulatory disturbances. This, as has been pointed out elsewhere, 
may be readily appreciated during experimentally induced compression 
by the insertion in the skull of a close-fitting glass window through 
which alterations in the condition of vascularity of the exposed area of 
cortex may be observed, and in case the increase of tension is uniformly 
distributed (“ general compression”) these alterations may be taken as 
representative of the vascular conditions throughout the entire chamber. 
Fortunately, the ophthalmoscope offers a method of determining in 
clinical cases the presence or absence of intracranial venous stasis, inas¬ 
much as the congestion is transmitted to and is easily observable in 
the veins of the fundus. Thus, the e} r e-grounds become almost equal 
in value to the experimental window. Unfortunately, however, during 
most of our operative procedures under amesthesia the possibility of a 
continuous ophthalmoscopic examination is precluded, and although 
in several of our compression cases comparative examinations, before 
and after operative relief, have evidenced a diminution in the size of 
the veins in the eye-grounds this has never been seen at the exact time 
of its occurrence. An opportunity offered itself, however, on one occa¬ 
sion and under rather unusual circumstances which did allow an expert 
exaininatiou of the eye-grounds to be made at the very moment of giv¬ 
ing relief to an advanced degree of intracranial tension. The patient 
on whom this examination was made was suffering from a pneumococcus 
posterior basic.meningitis (Barlow), which had obstructed the foramina 
of the fourth ventricle and had led to an acute internal pyohydro- 
cephalus. The increase of tension was such as to produce extreme 
symptoms of compression bordering on the terminal or paralytic stage. 
On several occasions the ventricles were tapped, and an ounce or two 
of seropurulent fluid evacuated with an immediate, though, unhappily, 
only a temporary amelioration of the symptoms, shown by a fall in 
blood pressure, an improvement in the pulse and respiration, and a 
considerable lessening of the mental stupor. These ventricular aspira¬ 
tions were easily performed without anaesthesia according to the method 
suggested by Albert Koteher for intraventricular injections, and during 
one of them Dr. Boardly followed closely with the ophthalmoscope the 
condition of the veins radiating toward the papilla. Immediately on 
removal of the ventricular fluid the veins, which had been tortuous and 
much engorged, became smaller in calibre, and lost much of their 
sinuous outline, while the arteries, on the other hand, became larger, 
more prominent, and seemingly more tortuous. Although I have fre¬ 
quently observed this change in dogs during the release of experimental 
compression, I am unaware that the observation has in so striking a 
fashion been made upon man. I think that too little stress is laid on 
the value of ophthalmoscopic examinations in the determination of 
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varying states of intracranial tension. Doubtless it is a difficult thing 
always to appreciate an increase in the size of the retinal veins, as they 
vary under norma! conditions to such a considerable extent, but it 
should be possible with experience to recognize with some degree of 
probability the presence of this venous stasis, which plays such an 
important part even in the early stage of compression. It may be 
possible to gain this training by compressing the jugulars of patients 
on whom ophthalmoscopic examinations are being made. Dr. Boardly 
examined the writer’s eye-grounds on one occasion while the inflatable 
band of a blood-pressure apparatus, which bad been placed so as to 
encircle the neck, was gradually blown up. As soon as the recorded 
manometric pressure reached a level bordering on 80 mm. of Hg., an 
increase in size of the veins of the fundus became apparent. On a 
further increase of the pressure to 120 and 140 mm., or nearly to the 
level of arterial pressure, the veins increased in size fully one-third, 
and a sensation of dizziness, nausea, and stupor was experienced which 
quickly passed off on releasing the pressure. The venous stasis observ¬ 
able in the eye-grounds, of course, immediately disappeared. 

Case IV. (Surgical No. 14,081.) Apoplexy with right hemiplegia; 
symptoms of pronounced intracranial tension evidenced by a blood press¬ 
ure ranging about 300 mm. of Hg.; threatened symptoms of medul¬ 
lary paralysis; major symptoms ( bulbar ) immediately relieved by crani¬ 
otomy and aspiration of intracerebral dot; Wagner flap left “ajar;” 
subsequent replacement of flap followed by return of symptoms ; death on 
the third day from pulmonary complications. —The patient, Frank W. f 
colored, aged forty years, entered Dr. Halsted’s service at 8 a.m. on 
November 23, 1902. On the evening of November 21st he was sup¬ 
posed to have fallen from a bicycle; was found in the street in a semi¬ 
conscious condition, and was taken to the station-house as an inebriate. 

At the time of his admission to the hospital, thirty-six hours after 
the onset of his symptoms, the following note was made on his condi¬ 
tion : 

“ The patient lies in the dorsal position in a state of profound 
stupor, from which he can be aroused only in the slightest degree by 
the infliction of pain. There is an occasional aimless movement of the 
left arm or leg. The right side, with the exception of muscles sup¬ 
plied by the superior branch of the facial, is in a condition of complete 
paralytic flaccidity. His temperature registers 99.6°. The respiration 
varies in rate from 21 to 27. It is characterized by a distinct peri¬ 
odicity, a shallow and a stertorous, snoring period, alternating with 
considerable regularity. The pulse rate is regular, averaging 50 to 
the minute, and the arterial tension is very high. The blood pressure 
registers in the neighborhood of 300 mm. of Hg. 

“ Evidence of vasomotor rhythm is at times observable, the height of 
the blood-pressure wave corresponding with the period of deeper 
respirations, with restlessness and movements in the non-paralyzed side 
and with some pupillary dilatation. 

“ There is a persistent conjngate deviation of the eyes toward the 
right, associated with nystagmus. The pupils are equally contracted 
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and react to light. The veins of the forehead, median, and lateral are 
greatly distended. 

“ Reflexes : Deep reflexes readily obtained and are equal on both 
sides at the knee and ankle. They are not exaggerated. Superficial 
reflexes are abolished on the paralyzed side, plantar, cremasteric, and 
abdominal. They are present on the left. Visceral reflexes (spbinc- 
teric) are lost (?). McCarthy’s reflex present on both sides. 

“ Anaesthesia, to painful stimuli at least, Eeems to be present on the 
paralyzed side. Some reflex response to pain can be obtained from the 
opposite side.” 

The history, such as could be obtained, indicated that the patient’s 
stupor had been increasing, and in view of the great elevation in blood 
pressure and the beginning evidence of respiratory implication, it was 
determined to make an attempt to relieve the intracranial tension, and, 
if possible, to locate and evacuate the clot. 

Operation, November 23 d, 3 p.sr. No anaesthesia required owing to 
deep stupor.^ A tourniquet was applied, and a large osteoplastic bone 
flap, measuring about 12 by 8 cm., was turned down from over the left 
hemisphere. Owing to the thickness of the negro’s skull this perform* 
ance, usually simple, was attended with some difficulty. The underly¬ 
ing dura, was tense and without pulsation. On incising it, however, 
the brain bulged far into the opening, and began actively to pulsate. 
The convolutions were greatly flattened, deeply cyanosed, and the 
veins occupying the sulci were widely dilated and their contents so dark 
that the color contrast between veins and arteries was of an unusual 
degree. 

Through the convexity of one of the convolutions posterior to the 
fissure of Rolando a grooved director was passed into the substance of 
the brain in a slightly forward direction in the hope of tapping the site 
of hemorrhage. When the probe had entered a distance of 4 cm. a 
sudden lack of resistance was encountered as though it had entered a 
cavity, and dark, blackish fluid blood spurted out along the groove of 
the instrument. In the track of the director the handle of a scalpel, 
which was flat and had a sharp, rounded edge, was then introduced into 
the seat of hemorrhage. This was rewarded by the evacuation of about 
two teaspoonfuls of old, discolored, semifluid blood and clots. (A glance 
at the accompanying chart. Fig. 4, will show that the patient’s blood 
pressure began abruptly to fall from its high level, approximately at 
360 mm., and in the next twenty minutes had reached a normal level, 
there being, meanwhile, absolutely no change appreciable in pulse rate 
during this alteration in arterial tension, representing 230 mm. of Hg.) 

The release from intracranial tension was evidenced by the imme¬ 
diate collapse of the bulging hemisphere. Two strips of rubber protec¬ 
tive, to serve as drains, were passed into the cavity of the clot through 
the track which had been made. The bone flap was loosely replaced, 
no sutures whatever being taken in the skin. Strips of gauze were 
placed between the edges of the scalp and a loose gauze dressing over 
all. It was hoped in this way to allow for an elevation of the flap in 
safety-valve-like fashion, should there be once more a considerable 
increase in intracranial tension. 

On November 24th, the day following the operative procedure, the 
patient’s condition had greatly improved. The pulse rate and blood 
pressure remained within normal limits, his respiration was no longer 
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labored, his stupor was much less deep, and he could be aroused with 
considerable ease. He took nourishment by mouth for the first time 
since his “ stroke,” and at one time took a cup from the nurse’s hand 
in order to drink himself. Slight voluntary movements of the right 



Broken line, arterial tension; solid line, pulse rate. Three fragments of the blood-pressure 
chart ot Case IV. Note in Period L the high tension and alow pulse. In Period H. the release 
from the vasomotor overaction by the craniotomy and evacuation of clot. Fall of blood 
pressure of 260 mm. of Hg. without change in pulse rate. In Period III. the practically normal 
levels alter operation. 



























1036 CUSHING: BLOOD—PRES8UHE REACTION. 

arm were also present The conjugate deviation of the pupils had dis¬ 
appeared, and he seemed to see and recognize objects. He would 
endeavor to protrude his tongue on request. There was no effort at 
speech (note that the lesion extended far forward in the left corona 
radiata) at any time. 

Owing to the great amelioration in the gravity of symptoms, it was 
thought probable that recovery would ensue, and at an ill-advised 
moment late in the afternoon of this date the dressing was removed, 
the drains withdrawn, the bone flap replaced, and the scalp sutured in 
place. A slight bulging of the brain was found at this time, and some 
compression was necessitated in readjusting the osteoplastic flap in 
position. 

This misjudged procedure evidently turned the balance against the 
patient. His former stuporous condition during the following night 
again reappeared. Nourishment could no longer be taken, and respi¬ 
ratory difficulty again became evident. 


Fxo. 5. 



One of the sections of the brain of Case IV., showing the situation and transverse extent 
of the cavity 

"When seen on the morning of November 25th the error of the pre¬ 
vious day was apparent, and although the hone flap was once more 
elevated in the hope of readjustment, his condition gradually became 
worse. On the following day the lungs began to fill up, the right 
heart gave way, giving a definite regurgitant pulsation in the cervical 
veins, and at midnight of November 27th, three days and a half after 
the operation, death occurred. An autopsy was performed by Dr. 
Van Wart. The accompanying photograph (Fig. 5) of a section of 
the hardened brain shows the size and situation of the hemorrhagic 
cavity. It was found practically empty. 

Discussion. Considerable interest attaches itself to this case and 
to a previous case of apoplexy (surgical No. 13,892) from Dr. Osier’s 
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wards, in which an attempt was made in a similar way to ward off a 
fatal outcome by the elevation of a large osteoplastic flap. In this 
earlier case the patient’s condition was much worse, and the stage of 
respiratory paralysis, at the time of operation, was seemingly near at 
hand. The symptomatic relief, nevertheless, was striking, and the 
blood pressure fell immediately after opening the dura to an approx¬ 
imately normal level, at which it remained uniil death ensued from 
pulmonary complications, thirty-six hours later. The seat of hemor¬ 
rhage in this earlier case, unfortunately, had not been sought for with 
sufficient freedom, and at autopsy a large clot the size of a hen’s egg was 
found closely underlying the cortex and in exact correspondence with 
the opening in the skull. Had it been located and the cortex been 
freely incised the clot under great tension probably would have been 
forcibly extruded by the pressure of the surrounding brain. 

The propriety of surgical procedures of this sort doubtless will be 
(jueationed by many, and I believe that only in exceptional cases will 
surgical measures hold out any prospect of success, and then only when 
the interpretations of blood-pressure observations are utilized as an 
indication for the necessity of intervention, as well as a means of 
estimating the degree of vascular relief gained by the trepanation. 
I am unaware that the attempt has heretofore been made with any 
rational intent to bring relief to the cases of extensive hemorrhage 
spreading from the capsule into the corona radiata, and I do not see 
any reason why we should exclude these cases from possibilities of sur¬ 
gical relief simply because the hemorrhage lies beneath the cortex, any 
more than that intracranial hemorrhage in other situations should be 
allowed to run its course. The majority of the cases of apoplexy which 
are exposed on tbs autopsy table show a large clot more or less readily 
accessible to operative attack, and one would be much chagrined to 
havo an extradural hemorrhage of corresponding size brought to light 
post-mortem without an attempt having been made to remove it by- 
operation. The underlying or major symptoms of compression are the 
same whether the collection of blood be extradural or within the sub¬ 
stance of the brain itself. Whether the extravasated blood in 
apoplexy is in most instances rapidly coagulated or not can hardly he 
known until more cases have been explored before death, but it is 
presumable that it is and not improbable that the release of intracranial 
tension from the elevation of the bone flap, and especially from the 
evacuation of the clot, should one have been located, will, by the con¬ 
sequent rapid lowering of blood pressure, tend to check any further 
hemorrhage, even in case the ruptured artery should not previously 
have ceased to bleed. 

The therapeutic measure generally advocated in case of intracranial 
hemorrhage with high-bounding pulse is a purely symptomatic one. 
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namely, “ to bleed” the patient in order to lower blood pressure, the idea 
being that the persistent high tension is the cause rather than the result of 
the hemorrhage. If the interpretation of the experimental work is not 
at fault such an abstraction of blood with the idea of lowering arterial 
tension would be absolutely contraindicated.since the high blood pressure 
is only an indication of nature's effort to overcome the degree of intra¬ 
cranial pressure brought about by the foreign body in order to ward 
off an anaemic condition of the bulbar centres. Of course, the tension 
of the foreign body in this case, communicating as it does with a rup¬ 
tured artery, is equal to that of the arterial tension, and were it not for 
its remoteness, ordinarily, from the medulla, death would almost 
immediately ensue, just as it does when a hemorrhage takes place in 
the near neighborhood of the medulla or reaches the fourth ventricle 
through rupture into one of the lateral ventricular cavities. 

In the course of many of the experiments on compression the effects 
of blood-letting (the skull still being intact) were tried during the 
various stages of compression. At no time could any beneficial in¬ 
fluences be seen, and if blood were withdrawn from the general circu¬ 
lation at a time when there had been a marked rise in general arterial 
tension to overcome cerebral anaemia, and in amounts sufficient to lower 
this vascular tension, the results were almost always disastrous unless 
a certain amount of reserve power remained in the vasomotor centre 
which could once more return the arterial tension to its former level. 
I would not mean to deny that symptomatic improvement ever follows 
blood-letting in cases of apoplexy in which the hemorrhages have not 
called forth pronounced symptoms referable to the vital bulbar centres, 
but when such is the case anything which tends to lower arterial ten¬ 
sion without an associated opening in the skull to correspondingly 
lower intracranial tension is hazardous to say the least. 

In dismissing these cases of apoplexy, representing as they do 
extreme types of the advanced stage of compression, it. may be said 
that despite the ultimate failure of recovery in these two unfavorable 
cases, the temporary amelioration of the severe symptoms is a sufficient 
justification for future attempts to afford surgical relief to certain 
carefully selected cases of cerebral hemorrhage. 1 

Case Y. Penetrating gunshot wound of skull; intracerebral hem¬ 
orrhage; paralysis stage of compression with vasomotor and subsequent 

1 Since writing the above note concerning the possibility of operative attack in apoplectic 
cases a patient has been in the hospital, under the care of Dr. Thomas and myself, in whom a 
subcortical hemorrhage had formed as the resnlt of a stab wound of the cranial vault. A 
craniotomy was performed in this case; the clot was exposed, evacuated, and its cavity irri¬ 
gated with salt solution; the hone flap was replaced, and the patient made a rapid and almost 
total recovery from the symptoms which the hemorrhage had caused. As in the case of 
apoplexy above recorded, the clot almost extruded Itself through the opening made in the 
brain substance to reach It. Others have reported cases of recovery alter operation for sub¬ 
cortical hemorrhages of traumatic origin. 
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respiratory failure; craniotomy during artificial respiration ; long continu¬ 
ance of heart-beat; exitus. —The patient, a young woman, aged eighteen 
years, was brought to the hospital about 3 p.m. on April 21,1902, soon 
after the reception of her injury. When seen in the accident room 
immediately after her admission it was recognized that she was almost 
in the “ Lahmungsstadium ” of compression, and rapid preparations 
were made for operation. 

The only history obtainable was to the effect that she had been shot 
by her husband about one hour before admission. Examination showed 
that the bullet had penetrated the squamous portion of the right tem¬ 
poral bone, nearly 5 cm. above the zygomatic arch. Cerebral sub¬ 
stance was protruding from and being squeezed through the wound; 
an invariable sequence of great increase in intracranial tension, when 
associated with a small opening through the skull and dura, which 
leaves the underlying brain unsupported. There was no wound of exit. 

The patient was in deep coma. Her respirations were slow, gasp¬ 
ing, and irregular, with periods of apneea. The pulse was rapid, 160, 
of irregular rhythm, and the arterial tension was low. Blood-pressure 
observations, which were immediately instituted, demonstrated that a 
very rapid fall was taking place. The eyes were fixed, staring, and 
prominent, with widely and equally dilated pupils. The face was 
much cyanosed, and ecchymoses were already forming in the eyelids 
and conjunctive. She vomited soon after her admission, in projectile 
fashion. 

It was apparent that she was advanced in pregnancy. Owing to the 
urgency of the case, further examination was not made, and the patient 
was hurried to the adjoining operating-room. On the way thither the 
respirations, which, in the few moments intervening since her entrance, 
had become much more irregular in character, ceased altogether. 
Artificial respiration, by thoracic compression, was kept up, until 
the patient could be put upon the table, when a rapid tracheotomy was 
performed, and a tube inserted in the trachea. After a moment of 
mouth-to-tube inflation, the color quickly returned to the deeply 
cyanosed face, and the pulse, which had continued during this interval, 
greatly improved in character. 

Meanwhile, au extensive area from the side of the scalp was being 
shaved; a tourniquet was applied, and a Wagner bone flap, the size of 
the palm of the hand, was quickly turned down. 1 There was a vain 
hope that the vasomotor and respiratory failure did not evidence an 
irrecoverable paralysis of the centres, and that prompt relief from 
anaemia, due to the extreme degree of intracranial tension, would allow 
of medullary circulation, sufficient to reawaken the centres to activity. 

With three lives at stake—that of the assailant, his victim, and a 
child—the moments consumed during this partial hemicraniotomy 
under artificial respiration were exciting enough, and we were rewarded, 


1 In the absence of a motor with a burr and a Doyen saw a comparatively rapid way ot 
making such a flap is to penetrate the skull with trephine or mallet and gouge in two places 
corresponding to the angles at the superior base line of the proposed flap. These openings 
may in a moment be rapidly connected with a GIgU saw and the two lateral edges cat ont 
rapidly with the de Vilbiss forceps. Twelve minutes should snfficcbythis procedure for a safe 
exposure of a wide area of dura. A tourniquet should always be applied about the base of the 
cranium to control hemorrhage from the scalp during the procedure. This otherwise occasions 
much delay. 



1040 CUSHING: BLOOD-PEE88UBE REACTION. 


after the final opening of skull and dura, by the patient’s taking, for 
the first time, a few spontaneous gasping inspirations. The hemisphere 
bulged under considerable tension from the opening, and a large amount 
of blood clot was evacuated. To our great disappointment, the volun¬ 
tary efforts at respiration did not long continue, and it was once more 
necessary to resort to artificial means of continuing it. The blood 
pressure, meanwhile, had been steadily and rapidly falling (see 
chart, Fig. 6), until it had reached its level of complete vasomotor 
paralysis, representing only 20 to 30 mm. of Hg.—a condition from 

Fio. c. 



BEFORE l PARALYSIS STAGE 

ADMISSION TO HCSPITA1-SUBSEQUENT TO ADMISSION 


Broken line, blood pressure ; solid line, pulse rate. Blood-pressure record in Case V. Pre¬ 
sumable reaction from the lima of injury to death, two hours later. First portion of chart 
hypothetical. 

which there is probably no recovery. The heart, however, like the 
isolated mammalian heart of the physiological experiment, continued 
to heat as long as its circulating blood was kept aerated by the con¬ 
tinuance of artificial respiration. As long as there is cardiac pulsation, 
it is difficult to bring one’s self to a realization of the actual presence 
of death, and artificial breathing was continued for two hours longer 
before it3 final abandonment. 

Had the child been at or near full term, during the two hours and a 
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half of artificial respiration a Caesarean section might, at any time, 
have saved it. During the craniotomy, however, the woman was 
examined by a member of the obstetrical staff, who pronounced the 
infant too premature to justify the procedure. On cessation of the 
artificial respiration, the patient became progressively more and more 
cyanosed, the heart-beat soon weakened, and, after two or three minutes, 
could no longer be auscultated. 

Discussion. This case is cited not only as typifying the sequence of 
events in the so-called paralysis stage of compression, but also as an 
indication of what may be accomplished in rare instances under similar 
desperate circumstances. The accompanying chart (Fig. 6) records the 
observations which were actually taken after the patient’s admission to 
the hospital, and also gives the reaction which by analogy with experi¬ 
mental conditions can be imagined to have taken place during the hour 
preceding, viz., a slowing of pulse and a great rise in blood pressure, 
which anticipated the failure of the vasomotor centre and resultant 
respiratory paralysis. Under just such circumstances in animal 
experimentation when intracranial tension has been increased so as to 
exceed the level to which arterial tension can be forced, or when the 
latter has been held at a high level long enough to bring about fatigue 
of the vasomotor centre, the life of the animal may be saved by the 
establishment of artificial respiration and a hurried release from the 
compressing force. It is impossible to say for how long a time a com¬ 
pression anmmia of the medulla in man may persist and still leave the 
respirator)' and vasomotor centres in a recoverable condition. There 
can be no doubt, however, as evidenced by some cases which have been 
reported, that life may be prolonged by artificial respiration for a 
length of time at least sufficient to allow of operative relief from the 
compression. Every effort should be made after the craniotomy to 
restore once more the vasomotor tone, in case the simple release from 
pressure is not sufficient. Ordinary stimulants will not suffice for 
this, and it is to be hoped that when the therapeutic indications of 
adrenalin are finally laid down that it may prove to be the drug which 
can be depended upon to restore activity to cerebral centres which have 
suffered exhaustion from long-standing anaemia. In case hemorrhage 
is not under absolute control the administration of adrenalin is 
attended with risks, as the following incident will illustrate: 

A patient was recently admitted to the hospital with a penetrating 
bullet wound of the brain, and very soon after admission, and while 
preparations were being made for operation, he passed into the “ Lah- 
mungsstadium ” of compression, due to intracranial hemorrhage. Dr. 
Tinker performed a rapid craniotomy, which, as in the case reported 
above, did not suffice, through the release from pressure, to reawaken 
the activity of the vital centres. The blood pressure had fallen to its 
paralysis level, and artificial respiration had to be resorted to. Intra- 
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venous injections of a weak adrenalin-chloride solution were adminis¬ 
tered as a last resort, and, although the blood pressure could be held 
at any desired level during the infusion, the improved circulation did 
not suffice to restore activity in the paralyzed centres. The rise in 
blood pressure did nothing more than renew the bleeding from the 
wound in the bulging brain, and, on discontinuing the infusion, the 
pressure immediately fell to its pre-existing or even to a lower level. 
As in profound shock, so here, there seems to be an exhaustion of the 
vasomotor centre from overaction, which in the former state is brought 
about by reflex sensory stimulation, in the latter by direct stimulation 
of the centre from anosmia. The result in both instances is a profound 
and enduring drop in blood pressure, and, ordinarily, therapy is 
impotent to restore activity to the centre. 

Isolated reports are to be found of procedures similar to that recorded 
above and carried out under artificial respiration in which there has 
been a successful re-establishraent of voluntary respiration. These 
have been cases, I believe, almost without exception in which a cere¬ 
bral abscess has been the cause of the increased tension and resultant 
medullary anaemia, and the prompt evacuation of pus has allowed a 
sufficient readjustment of circulatory conditions to reawaken the centres 
in the bulb. 

Sir Victor Horsley* has called especial attention to the early respira¬ 
tory failure under these circumstances, and has emphasized the fact 
that these cases “ die from failure of respiration, and not, as is so 
often surmised, from failure ot the heart.” 

The practical point which Horsley establishes in his communication 
is that there is a coutinuance of cardiac action after the respiratory 
failure, and consequently artificial respiration may suffice to prolong 
life in favorable cases until a craniotomy can be performed and the 
pressure relieved. Iu one of his cases respiratory failure, as in the 
case above reported, occurred on the operating-table; the skull was 
immediately opened, the brain bulged, the pressure was relieved, normal 
respiration was re-established, and the patient recovered. 

It seems possible to retrace the sequence of paralyses of the centres 
one step farther than Horsley has gone, and to explain the supposed 
primary respiratory failure by a preceding vasomotor failure. Horsley 
and Spencer supposed that the medu'iary paralyses were produced by 
the mere mechanical effect of pressure exerted on the centres. Leon¬ 
ard Hill, however, in his classical monograph, gives experimental 
proof to show that it is rather the state of vascular anaemia which 
paralyzes the centres, and with this our experiments are in accord. 
Hill, however, does not mention the regulatory action of the vasomotor 

1 On the Mode of Death in Cerebral Compression, and its Prevention. Quarterly Medical 
Journal, July, 1594, voL ii. p. 805. 
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centre which serves toward off the condition of threatened anremia 
by an elevation of blood pressure. The possibility of long continuance 
of cardiac action after primary vasomotor and secondary respiratory 
failure was shown by a case reported in the Mutter lecture , 1 in which 
under artificial respiration the heart-beat continued for twenty-three 
hours. Spencer 2 has recorded similar cases in which the heart-beat 
continued twenty-four, six, and eight and one-half hours after cessation 
of voluntary breathing. Macewen, likewise, in his well-known volume , 3 
mentions other instances, in one of which breathing was re-established 
after some hours of artificial respiration. Hudson 1 has more recently 
added additional cases of the same sort. 

To reiterate: After fatigue or failure of the vasomotor centre the 
blood pressure falls to a point below that of the intracranial or extra- 
vascular tension; unremia consequently ensues; respiration, already 
embarrassed at this point, immediately ceases from total lack of vas¬ 
cularization of the centre, and unless relief is given the blood pressure 
gradually sinks to a level which represents irrecoverable paralysis of 
the centre governing it. Even when this has occurred artificial respira¬ 
tion with proper aeration of the blood may suffice to keep the indi¬ 
vidual’s heart beating for hours. 

In briefly summarizing the subjects of discussion in this paper, atten¬ 
tion may be again drawn to the following points: 

Varying degrees of rapid increase in intracranial tension produce 
corresponding disturbances in the intracranial circulation. To these 
circulatory disturbances the symptoms of compression are solely due. 
The condition known as acute cerebral compression may be conveniently 
subdivided into four stages, dependent upon the degree of circulatory 
alteration which has been reached. Each of the stages has its own more 
or less characteristic symptom-complex. 

The major or underlying symptoms originate in the centres situated 
in the medulla, and are only called’ out when the degree of intracranial 
tension begins to approach the arterial tension so that arnemia is 
threatened. A circulatory condition in the medulla which borders 
upon anaemia has the effect of stimulating the vasomotor centre. 
Thus, a rise in blood pressure is occasioned which restores the local 
circulation. The extent of this rise may be taken as an indication of 
the degree of advancement of the compression. Beyond a certain 
point, however, this reaction cannot take place. The vasomotor centre 

1 The American Journal or the Medical Sciences, 1502, vol. cxxlv. p. 393. 

3 The Arris and Gale Lectures on the Central Nervous Mechanism of the RespiraUon. The 
Lancet, March 2,1895, p. 533. 

3 Pyogenic Diseases of the Brain and Spinal Cord. Glasgow, 1893, p. 136. 

'* Respiratory Failure Occurring Before Circulatory Failure In Brain Injury and Disease. 
Medical News. June 10,1899. 
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under these circumstances fails, and the respiratory efforts cease 
entirely. 

In conjunction with other symptoms, a progressive increase in arterial 
pressure or a high degree of the same, which has been already reached, 
or a pressure which exhibits from moment to moment great alterations 
in level may be taken as a certain indication of the advisability of early 
operative intervention. In case there are localizable symptoms the site 
of trepanation is plainly indicated. In case of generalized compression 
from widespread hemorrhage when there are no localizing indications, 
the intracranial tension should be relieved by the elevation of a large 
osteoplastic flap from one hemisphere or the other with a corresponding 
opeuing in the dura. 


A REVIEW OF SOME OF THE OLDER WRITINGS ON INFANT 
FEEDING* 

By Samuel McC. Hamill, M.D., 

PROFESSOR OF PEDIATRICS IN THE PHILADELPHIA POLYCLINIC, VISITINa PEDIATRIST 
TO THE HOWARD HOSPITAL. ETC. 

It was my original intention to embody in this paper a review of the 
literature relating to maternal nursing, but this idea was abandoned 
when it was once realized how much there was to consider under substi¬ 
tute feeding. The gist of everything that has been written on maternal 
nursing can be summed up in a few words: All authorities in the past 
two centuries have advised mother’s milk as preferable to all other 
forms of infant diet. Prior to this time, however, according to Van 
Swieten (Paul’s translation, 1759), Van Helmont and his school 
opposed milk in any form. 

Substitute Feeding. That much has been written on substitute 
feeding goes without saying. To do justice to all of it is obviously 
impossible. My comments, therefore, will be limited chiefly to the 
writings of the eighteenth century, which were at my disposal, and to 
the most interesting and important of the works of the first half of 
the past century, considering only a few of those which have appeared 
since that time. In doing this I will quote freely from those authors 
who have written interestingly and instructively. 

The methods which have been in favor are three in number: (1) 
wet-nursing; (2) direct nursing from animals, and (3) the use of 
artificially prepared foods. All of the older writers are in accord in 

• Read before the Section on Pediatrics of the New York Academy of Medicine, October 9, 
1902. 



